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SPECIFICATION 

CHIP RESISTOR HAVING LOW RESISTANCE AND METHOD OF MAKING THE 
SAME 

5 

BACKGROUND OF THE INVENTION 

The present invention relates to a chip resistor having 
low resistance of no greater than e.g. IQ, and also relates 
to a method of making the same. 

10 In a conventional chip resistor of the above-mentioned 

type, as disclosed in JP-A-2001-118701 for example, the 
resistor element is formed of an alloy into a rectangular solid, 
the alloy being composed of a base material metal, such as 
copper, having low resistance (hereinafter referred to as 

15 low-resistant metal) and a metal having high resistance 
(hereinafter referred to as high-resistant metal) , such as 
nickel, which is greater than that of the base material metal . 
In the resistor element, the rectangular solid has ends 
provided with connection terminal electrodes to be connected 

20 to a printed circuit board or the like by soldering, for example . 

The resistance between the connection terminal 
electrodes of such a chip resistor largely depends on the 
resistivity of the alloy making the resistor element. The 
resistivity of an alloy decreases as the percentage of 

25 low-resistant metal in the alloy becomes higher as compared 
to the high-resistant metal, whereas it increases as the 
percentage of high-resistant metal in the alloy becomes higher 



as compared to the low-resistant metal. In other words, the 
resistivity of the alloy decreases in proportion to the 
percentage of the low-resistant metal relative to the 
high-resistant material, while increasing in proportion to 
5 the percentage of the high-resistant metal relative to the 
low-resistant metal . 

Thus, in a conventional chip resistor including a resistor 
element of a rectangular solid having predetermined length 
and width, the resistance between the connection terminal 
10 electrodes, or the resistivity of the chip resistor , is reduced 
by one or both of the following methods: 

(1) Using an alloy containing an increased ratio of 
low-resistant metal relative to high-resistant metal. 

(2) Increasing the thickness of the resistor element. 
15 Generally, however, a metal material has a temperature 

coefficient of resistance, which describes the resistance 
change in relation to the temperature. It is known that the 
temperature coefficient of resistance is higher in a pure metal 
than in an alloy. 

20 When the option (1) is taken to reduce the resistance 

of the chip resistor, the ratio of the low-resistant metal 
(base material metal ) in the alloy making the resistor element 
is increased, whereby the alloy has increased purity of the 
low-resistant metal (base material metal ) . Unfavorably, this 

25 results in a higher temperature coefficient of resistance in 
the chip resistor. 

When the option (2) is taken to reduce the resistance 



of the chip resistor, the thickness of the resistor element 
increases, whereby the weight of the chip resistor becomes 
greater , and it becomes difficult to bend the lengthwise -spaced 
ends of the resistor element into connection terminals, 
5 Additionally, it becomes significantly difficult to perform 
trimming adjustment by making a trimming groove in the resistor 
element for adjustment of the resistance. 

Further, most of pure metals have positive temperature 
coefficient of resistance (directly proportional to 

10 temperature) , whereas some alloys composed of pure metals have 
negative temperature coefficient of resistance (inversely 
proportional to temperature) . When an alloy with such 
negative temperature coefficient of resistance is used to make 
a resistor element, unfavorably the negative temperature 

15 coefficient of resistance appears as a minus temperature 
coefficient of resistance of the chip resistor. 

As another example of such a low-resistant chip resistor, 
JP-A-2002-57009 discloses a conventional structure, 
according to which a resistor element comprises a metal plate 

20 or rectangular chip formed of an alloy of low-resistant metal 
such as copper and high-resistant metal such as nickel. The 
lower surface of the resistor element has lengthwise-spaced 
ends to which connection terminals are attached, the terminals 
being made of a metal having a lower resistance than the alloy 

25 making the resistor element. The surfaces of the connection 
terminals are formed withmetal-plated layers for facilitating 
soldering to e.g. a printed circuit board. 



However, in the chip resistor of JP-A-2002-57009 , metal 
connection terminals to be soldered to a printed circuit board 
are attached to the ends of the lower surface of the resistor 
element. Due to this structure, melted solder may swell up 
5 to the lower surface of the resistor element beyond the 
connection terminals, whereby the resistance can change. To 
avoid such change in resistance, spacing between the lower 
surface of the resistor element and a printed circuit board 
should be increased. Unfavorably, this structure increases 
10 the entire height and the weight of the chip resistor . 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a chip 
resistor for solving the above problem, and a method of making 
15 the same . 

In order to achieve the above object, according to claim 
1, a chip resistor having low resistance of the present 
invention comprises a resistor element formed an alloy of 
high-resistant metal and low-resistant metal into a 

20 rectangular solid, and connection terminal electrodes formed 
at ends of the resistor element. The resistor element has 
a surface formed with a plating layer which is made of pure 
metal with resistance lower than the resistance of the alloy 
making the resistor element. 

25 According to claim 2, the alloy making the resistor 

element has a negative temperature coefficient of resistance . 

According to claims 3 and 4 , the resistor element is formed. 



with a sectional area reducing portion which is filled with 
the plating layer. 

According to claim 5, the plating layer on the surface 
of the resistor element is divided between the connection 
5 terminal electrodes, or is narrowed at least partially between 
the connection terminal electrodes. 

According to claims 6 and 1, the connection terminal 
electrodes are integrally extended from ends of the resistor 
element toward a lower surface of the resistor element. The 
10 plating layer is extended into a surface of the extended 
electrodes . 

According to claims 8 and 9, metal plates serving as 
connection terminal electrodes are fixed to ends of the lower 
surface of the resistor element . An insulator covers an upper 

15 surface of the resistor element formed with the plating layer, 
while also covering a portion between the connection terminal 
electrodes on the lower surface of the resistor element. 

According to claims 10 and 11, at least the lower surface 
of the resistor element except for ends thereof is covered 

20 by an insulator. The lower surface of the resistor element 
is formed with a metal plating layer disposed at the ends 
non-covered by the insulator. The metal layers serve as the 
connection terminal electrode of the resistor element. 

According to claims 12 and 13, the metal layers formed 

25 at the ends of the lower surface have a thickness equal to 
or larger than a thickness of the insulator covering the lower 
surface of the resistor element. 



According to claims 14 and 15, the upper surface and right 
and left side surfaces of the resistor element are covered 
by an insulator. 

According to claim 16, a method of making a chip resistor 
5 having low resistance comprises the steps of: preparing a lead 
frame integrally formed with a plurality of lead bars for 
forming resistor elements , the preparation using an alloy plate 
of high-resistant metal and low-resistant metal; forming a 
pure metal plating layer on a surface of the resistor element 

10 in each bar of the lead frame; adjusting the resistance of 
the resistor element in each bar of the lead frame; and cutting 
the resistor element in each bar off the lead frame after an 
insulator for covering the resistor element is formed. 

According to claim 17 , a method of making a chip resistor 

15 having low resistance comprises the steps of: preparing a 
laminated metal material by fixing a resistor element alloy 
plate and a connection terminal electrode metal plate to each 
other, the alloy plate being made of an alloy composed of 
high-resistant metal and low-resistant metal and being formed 

20 integrally with a plurality of resistor elements of a 
rectangular solid arranged, the connection terminal metal 
plate being made of a metal having resistance lower than the 
alloy plate; removing portions of the connection terminal 
electrode metal plate so as to leave connection terminal 

25 electrodes after a plating layer of pure metal is formed on 
an upper surface of the resistor element alloy plate in the 
laminated material metal plate, or forming a plating layer 
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of pure metal on an upper surface of the resistor element alloy 
plate after portions of the connection terminal electrode metal 
plate in the laminated material metal plate are removed so 
as to leave connection terminal electrodes ; forming insulators 
for covering the upper surface of the alloy plate and a part 
of the lower surface of the connection terminal electrode metal 
plate other than the connection terminal electrodes; and 
cutting the laminated material metal plate into the resistor 
elements . 

According to claim 18/ a method of making a chip resistor 
having low resistance comprises the steps of: making a 
rectangular resistor element from a metal plate; forming a 
pure metal plating layer on a surface of the resistor element; 
forming an insulator for covering at least a lower surface 
of the resistor element at a portion other than ends thereof; 
and forming metal plating layers serving as connection terminal 
electrodes of the resistor element at the ends of the lower 
surface of the resistor element which are non-covered by the 
insulator . 

According to claim 19 , a method of making a chip resistor 
having low resistance comprises the steps of: making a 
rectangular resistor element from a metal plate, forming a 
pure metal plating layer on a surface of the resistor element; 
forming insulators for covering an upper surface; a lower 
surface, and right and left side surfaces of the resistor 
element except for the ends of the lower surface; and forming 
metal plating layer for serving as connection terminal 



electrodes of the resistor element at the ends of the lower 
surface of the resistor element which are non-covered by the 
insulator . 

According to claim 20 , a method of making a chip resistor 
having low resistance comprising the steps of: preparing a 
lead frame integrally formed with a plurality of lead bars 
for making resistor elements, the preparation using a metal 
plate; forming a pure metal plating layer on a surface of the 
resistor element in each bar of the lead frame; forming an 
insulator for covering at least a lower surface of the resistor 
element in each bar of the lead frame except for the ends of 
the lower surface; and cutting off the resistor element in 
each lead bar from the lead frame before metal plating layers 
serving as connection terminal electrodes of the resistor 
element are formed at the ends of the lower surface of the 
resistor element which are non-covered by the insulator, or 
forming metal plating layers serving as connection terminal 
electrodes of the resistor element in each bar at 
insulator-non-covering ends of the lower surface of the 
resistor element before the resistor element is cut off from 
the lead frame. 

As described above, a resistor element formed of an alloy 
of high-resistant metal and low-resistant metal into a 
rectangular solid includes a surface formed with a plating 
layer which is made of pure metal with resistance lower than 
the alloy making the resistor element . Due to this arrangement , 
the resistance between the connection terminal electrodes is 
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lowered by the pure metal plating layer which is formed on 
the alloy resistor element. Thus, the resistance between the 
connection terminal electrodes, which is resistance of the 
chip resistor, can be lowered without increasing the percentage 
of the low-resistant metal relative to the high-resistant metal 
in the alloy making the resistor element, and also without 
increasing the thickness of the resistor element. As 
resistance of a chip resistor with a predetermined length and 
width can be lowered without increasing the percentage of the 
low-resistant metal, hence without making its purity closer 
to low-resistant metal (base material metal) , the 
above-described temperature coefficient of resistance is not 
increased. Further, as the thickness of the resistor element 
is not increased, the above structure reliably prevents 
difficulty in adjusting resistance by trimming and in bending 
process of the connection terminal electrodes, as well as 
increase in weight. 

According to claim 2, the alloy making the resistor 
element has a negative temperature coefficient of resistance, 
whereas the pure metal plating layer has a positive temperature 
coefficient of resistance, so that the negative temperature 
coefficient of resistance of the resistor element can be 
canceled out by the positive temperature coefficient of 
resistance of the plating layer formed on the surface of the 
resistor element. Thus, the temperature coefficient of 
resistance of the chip resistor does not become negative, or 
even if negative, it can be close to a positive value. 



Due to the arrangement according to claims 3 and 4, the 
resistance of the chip resistor can be lowered further. 

Due to the arrangement according to claim 5, the 
resistance of the chip resistor can be adjusted as required. 

Further, the arrangements according to claims 6 and 7 
facilitate forming process of connection terminal electrodes 
at ends of the resistor element, and soldering process of the 
connection terminal electrodes on a printed circuit board by 
the plating layer formed on the surfaces of the connection 
terminal electrodes . The plating layer formed on the surfaces 
of the connection terminal electrodes can also serve to further 
lower resistance of the chip resistor element. 

Further, according to claims 8 and 9, metal plates for 
serving as connection terminal electrodes are fixed to ends 
of the lower surface of the resistor element, and an insulator 
covers a portion between the connection terminal electrodes 
on the lower surface of the resistor element. Due to this, 
when the chip resistor is soldered to e.g. a printed circuit 
board, the insulator covering the lower surf ace prevents melted 
solder from coming into contact with the lower surface of the 
resistor element. Thus, the thickness of the connection 
terminal electrodes can be reduced, while reliably preventing 
change in resistance at the resistor element, thereby reducing 
the height of the chip resistor, as well as its weight. 

Further, according to the methods of claim 16 or 17 , a 
plurality of chip resistors as the one descried above can be 
made simultaneously at low production costs. 

10 



Further, according to claims 10 and 11, the insulator 
covers at least the lower surface of the resistor element at 
a portion other than the ends thereof, and metal layers are 
formed on the lower surface of the resistor element at the 
5 ends without the insulator to serve as the connection terminal 
electrode of the resistor element. Due to this arrangement, 
the connection terminal electrodes at the ends of the resistor 
element can be formed with a thin metal layer, thereby reducing 
the height of the chip resistor. 

10 Additionally, when the chip resistor is soldered to e.g. 

a printed circuit board, the insulator covering the lower 
surface prevents melted solder from coming into contact with 
the lower surf ace of the resistor element . Thus, the thickness 
of the connection terminal electrodes can be reduced, while 

15 reliably preventing change in resistance at the resistor 
element, thereby reducing the height of the chip resistor, 
as well as its weight. 

According to claims 12 and 13, each of the metal layers 
formed at the ends of the lower surface has a thickness equal 

20 to or larger than the insulator covering the lower surface 
of the resistor element. Due to this arrangement, when the 
chip resistor is soldered to e.g. a printed circuit board, 
the metal layers are nearly or completely prevented from 
lifting up from the printed circuit board, thereby improving 

25 reliability and firmness of the soldering. 

Further, the methods according to claims 18, 19 and 20 
do not need fixing process of two metal plates and process 

11 



for partly cutting one of the metal plates, thereby remarkably 
reducing production costs. 

Further, according to claims 14 , 15, and 19, the insulator 
covers the upper surface and side surfaces of the resistor 
5 element. Due to this arrangement, the insulator reliably 
prevents melted solder from coming into contact with the upper 
surface and/or the side surfaces of the resistor element, 
thereby reliably reducing change in resistance. 
Barrel-plating may be employed to form the metal layer, which 
10 facilitates the plating process, thereby reducing the 
production cost further. 

According to the method of claim 20, a plurality of chip 
resistors are simultaneously made by using a single lead frame, 
which contributes to further reduction in production cost. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view illustrating a chip resistor 
according to a first embodiment of the present invention. 

Fig. 2 is a section view taken along lines II-II in Fig. 

20 1. 

Fig . 3 is a perspective view illustrating a first modified 
example of the chip resistor. 

Fig. 4 is a perspective view illustrating a second 
modified example of the chip resistor. 
25* , Fig . 5 is a perspective view illustrating a third modified 

example of the chip resistor. 

Fig. 6 is a plan view partially illustrating the third 

12 



modified example of the chip resistor. 

Fig. 7 is a section view taken along lines VII-VII in 
Fig. 6. 

Fig. 8 is a perspective view illustrating a first step 
5 of a method of making the chip resistor. 

Fig. 9 is a perspective view illustrating a second step 
of the method of making the chip resistor. 

Fig. 10 is a perspective view illustrating a third step 
of the method of making the chip resistor. 
10 Fig. 11 is a perspective view illustrating a fourth step 

of the* method of making the chip resistor. 

Fig. 12 is a perspective view illustrating a chip resistor 
according to a second embodiment of the present invention. 
Fig. 13 is a section view taken along lines XIII-XIII 
15 in Fig . 12 . 

Fig. 14 is a perspective view illustrating a first step 
of a method of making the chip resistor. 

Fig. 15 is an enlarged section view taken along lines 
_ XV-XV in Fig. 14. 
20 • Fig. 16 is a perspective view illustrating a second step 

of the method of making the chip resistor. 

Fig. 17 is an enlarged section view taken along lines 
XVII-XVII in Fig. 16. 

Fig. 18 is a perspective view illustrating a third step 
25 of the method of making the chip resistor. 

Fig. 19 is an enlarged section view taken along lines 
XIX-XIX in Fig. 18. 



Fig. 20 is a perspective view illustrating a resistor 
element according to a third embodiment of the present 
invention . 

Fig. 21 is a perspective view illustrating the resistor 
5 element which is formed a trimming groove for adjusting 
resistance thereof . 

Fig . 22 is a perspective view as seen from the lower surface 
of the resistor element which is covered by an insulator. 

Fig. 23 is a section view taken along lines XXIII-XXIII 
10 in Fig. 22. 

Fig. 24 is a front view in vertical section illustrating 
a chip resistor according to a third embodiment of the present 
invention . 

Fig. 25 is a bottom view of the chip resistor in Fig. 

15 24 . 

Fig. 26 is a section view taken along lines XXVI -XXVI 
in Fig. 24. 

Fig. 27 is a perspective view illustrating a lead frame 
for making a chip resistor. 
20 Fig. 28 is a perspective view illustrating a first step 

of a method of making the chip resistor using the lead frame. 

Fig. 29 is a perspective view illustrating a second step 
of the method of making the chip resistor using the lead frame, 

25 DETAILED DESCRIPTION OF PREFRRED EMBODIMENTS 

Preferred embodiments according to the present invention 
will be described with reference to the drawings. 

14 



Figs . 1-2 illustrate a chip resistor according to a first 
embodiment . 

- . The chip resistor 1 includes a resistor element 2 which 

is a rectangular solidhaving a length L , widthW, and a thickness 
5 T, a pair of connection terminal electrodes 3 which are 
integrally formed with the resistor element 2 at both ends 
of the resistor element 2, each electrode being bent toward 
the lower surface of the resistor element 2, and an insulator 
4 made of heat-resistant synthetic resin or glass for covering 

10 the resistor element 2 • 

The resistor element 2 and the terminal electrodes 3 are 
made of an alloy of a metal with low resistance (hereinafter 
referred to as low-resistant metal) and a metal with high 
resistance (hereinafter referred to as high-resistant metal ) , 

15 such as copper-nickel alloy, nickel-chrome alloy, or 
iron-chrome alloy . 

As readily understood, one or both of such low-resistant 
metal and high-resistant metal may be replaced by an alloy 
of a low-resistant metal and a high-resistant metal. 

20 Asurface of the resistor element 2 is formed withaplating 

layer 5 which is made of a pure metal, such as copper or silver, 
which has resistance lower than that of the alloy making the 
resistor element 2 . The plating layer 5 is formed to extend 
onto the surfaces of the respective terminal electrodes 3 . 

25 As readily understood, theplating layer 5 is f ormedbef ore 

the resistor element 2 is covered with the insulator 4. As 
shown in Fig. 1, a reference numeral 6 designates a trimming 

15 



groove formed by laser irradiation with respect to the resistor 
element 2 for adjustment of resistance. Adjustment of 
resistance by the trimming groove 6 is performed after the 
plating layer 5 is formed and before the resistor element 2 
5 is covered by the insulator 4. 

As described above, the surface of the resistor element 
2 made of an alloy of high-resistant metal and low-resistant 
metal is formed with the plating layer 5 made of pure metal 
having resistance lower than that of the alloy making the 

10 resistor element. Thus, the resistance between the terminal 
electrodes 3 is lowered by the pure metal plating layer 5 than 
when only the resistor element 2 made of alloy is provided. 
In this manner, the resistance between the terminal electrodes 
3 , namely the resistance of the chip resistor 1 , can be lowered 

15 without increasing the percentage of the low-resistant metal 
relative to the high-resistant metal in the alloy making the 
resistor element 2, and without increasing the thickness T 
of the resistor element 2 . 

The chip resistor 1 is soldered to e.g. a printed circuit 

20 board at the terminal electrodes 3. In this case, since the 
•plating layer 5 formed on resistor element 2 is extended to 
cover the surface of the terminal electrodes 3, the soldering 
process of the terminal electrodes 3 to a printed circuit board 
is facilitated due to the plating layer 5 on the surfaces of 

25 the terminal electrodes 3 . The plating layer 5 formed on the 
terminal electrodes 3 can also serve to lower resistance of 
the chip resistor element 1. 



The resistance of the chip resistor 1 can be increased 
by dividing theplating layer 5 by a length Sbetween the terminal 
electrodes 3/ 3 as shown in Fig. 3, or by forming a narrowed 
portion between the terminal electrodes 3 , 3 as shown in Fig. 
5 4, or by reducing the thickness of the plating layer 5. On 
the other hand, the resistance of the chip resistor can be 
lowered by forming a plating layer 5 ' on the lower surface 
of the resistor element 2 as shown in Fig. 5, or by increasing 
the thickness of the plating layer 5. In this way, the 

10 resistance of the chip resistor can be determined by selecting 
the above structure. 

As shown in Figs . 6-7, the resistor element 2 may be further 
formed with one or more slots 7 which laterally extend from 
a side surface of the resistor element 2, or formed with 

I5. ■ • through-holes , so that the sectional area of the resistor 
element 2 is partly reduced. The sectional area reducing 
portion such as a slit 7 or through-hole may be filled with 
the plating layer 5 formed on the upper surface of the resistor 
element 2 or by the plating layers 5, 5* formed on the upper 

20 and lower surfaces of the resistor element 2, so that the 
resistance of the chip resistor 1 can be further reduced to 
a very low resistance. 

The plating layers 5, 5 ' are generally made of pure metal 
having positive temperature coefficient of resistance . Thus , 

25 for example, the resistor element 2 may be made of an alloy 
having negative temperature coefficient of resistance, such 
as a copper-nickel alloy composed of 43-45wt% nickel and copper 



for the balance, while the plating layers 5, 5', formed on 
the resistor element 2 , may be made of pure metal havingpositive 
temperature coefficient of resistance. With such an 
arrangement, the negative temperature coefficient of 
resistance of the resistor element 2 can be canceled out by 
the positive temperature coefficient of resistance of the 
plating layer 5. In this manner, it is possible to prevent 
the chip resistor 1 from having a negative temperature 
coefficient of resistance, or reduce the negative temperature 
coefficient of resistance of the chip resistor 1. 

Next, a method of making the chip resistor 1 according 
to the first embodiment is described below. 

As shown in Fig. 8, a lead frame A is punched out of an 
alloy plate having a thickness T . The lead frame is integrally 
formed with a plurality of lead bars Al spaced from each other 
at appropriate intervals in the longitudinal direction of the 
frame , each of the bars being used for forming a resistor element 

2 with a determined length L and connection terminal electrodes 

3 at the ends thereof . Each of the bars Al has an upper surface 
portion of a length K which corresponds to the total length 
of the resistor element 2 and the terminal electrodes 3. The 
plating layer 5 of pure metal is formed on this upper surface 
portion . 

Next, as shown in Fig. 9, one end of the bar Al is cut 
off from the lead frame A. Then, the ends of the bar Al are 
respectively connected to a conducting probe for measuring 
resistance value at the resistor element 2. In this state, 

18 



a trimming groove 6 is formed in the resistor element 2 by 
laser irradiation, for example, so that the resistor element 
2 has the required resistance. 

Next, as shown in Fig. 10, the bar Al is covered with 
5 an insulator 4 at the resistor element 2 . 

Then, as shown in Fig. 11, the other end of the bar Al 
is cut off from the lead frame A. Thereafter, a bending process 
for the terminal electrodes 3 is performed to produce a chip 
resistor 1 having the structure shown in Figs. 1 and 2. 
10 Figs. 12-13 illustrates a chip resistor 11 according to 

a second embodiment of the present invention. 

The chip resistor 11 includes a resistor element 12 which 
is arectangular solidhavinga lengthL, widthW, and a thickness 
T, a pair of connection terminal electrodes 13 fixed to the 
15 ends of the lower surface of the resistor element 12, and an 
insulator 14 for covering the resistor element 12. 

Similarly to the first embodiment, the resistor element 
12 is made of an alloy composed of a low resistance (hereinafter 
referred to as low-resistant metal) and a metal with high 
20 resistance (hereinafter referred to as high-resistant metal ) , 
such as copper-nickel alloy, nickel-chrome alloy, or 
iron- chrome alloy . 

On the other hand, the terminal electrodes 13 are made 
of an alloy with resistance lower than that of the alloy making 
25 the resistor element 12, or of a pure metal such as copper. 

The surface of the resistor element 2 is formed with a 
plating layer 15 which is made of a pure metal, such as copper 

19 



or silver, which has resistance lower than that of the alloy 
making the .resistor element 12 . 

Similarly to the fist embodiment, the resistance between 
the terminal electrodes 13 is lowered by the pure metal plating 
5 layer 15 formed on the alloy resistor element 12. Thus, the 
resistance between the terminal electrodes 13, namely the 
resistance of the chip resistor 11, can be lowered without 
increasing the percentage of the low-resistant metal relative 
to the high-resistant metal in the alloy making the resistor 
10 element 12, and without increasing the thickness T of the 
resistor element 12 . 

As readily understood, the structure shown in Figs. 3-7 
is applicable to the second embodiment. 

In the second embodiment again, it is possible to prevent 
15 the chip resistor 11 from having a negative temperature 
coefficient of resistance, or possible to lower the negative 
temperature coefficient of resistance of the chip resistor 
11 by making the resistor element 12 of an alloy having a negative 
temperature coefficient of resistance, such as a copper -nickel 
20 alloy composed of 43-45wt% nickel and copper for the balance. 

The chip resistor 11 of the second embodiment may be 
produced in the following manner. 

As shown in Figs. 14-15, an alloy plate Bl for making 
a plurality of resistor elements 12, which are integrally 
25 aligned in rows thereon, is prepared. Then, a metal plate 
B2 for forming the terminal electrodes 13 is fixed to the lower 
surface of the resistor element alloy plate Bl to produce a 

20 



laminated material metal plate B, The upper surface of the 
alloy plate Bl in the laminated material metal plate Bis formed 
with a pure metal plating layer 15 disposed on each of the 
resistor elements 12 . 

Then, as shown in Figs, 16-17, the metal plate B2 of the 
laminated material metal plate B is cut or corroded so that 
portions other than those for forming the terminal electrodes 
13 at the ends of the resistor elements 12 are removed. 

Then, as shown in Figs. 18-19, the laminated material 
metal plate B is covered by insulators 14 at the entire upper 
surface of the alloy plate Bl and at the portions between each 
of the terminal electrodes 13, 

Finally, the laminated material metal plate B is cut at 
lengthwise cutting lines B" and crosswise cutting lines B" 
for dividing into resistor elements 12 . In this way, the chip 
resistor 11 shown in Figs. 12-13 is made. 

In the above method, the process for forming a pure metal 
plating layer 15 on the upper surface of the alloy plate Bl 
of the laminated material metal plate B may be performed after 
the process for processing the metal plate B2 of the laminated 
material metal plate B to remove the portions other than the 
portions for forming the terminal electrodes 13 . 

A third embodiment of the present invention is described 
belowref erring to Figs . 20-26. Fig. 20 illustrates a resistor 
element 22 which is a rectangular solid having a length L, 
width W, and thickness T. The resistor element 22 is made 
of an alloy composed of a metal with low resistance (hereinafter 
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referred to as low-resistant metal) and a metal with high 
resistance (hereinafter referred to as high-resistant metal ) , 
such as copper-nickel alloy, nickel -chrome alloy, or 
iron-chrome alloy, for example . Ametal plate with a thickness 
5 T made of such alloy is formed into a rectangle having a length 
L and a width W. 

The resistor element 22 is formed with a plating layer 

25 which is made of a pure metal such as copper or silver with 
resistance lower than that of the alloy making the resistor 

10 element 22. Similarly to the first embodiment , the resistance 
between connection terminal electrodes 23, 23* is lowered by 
the pure metal plating layer 25 which is formed on the alloy 
resistor element 2 . Thus , the resistance between the terminal 
electrodes 23, 23 * , which is the resistance of a chip resistor 

15 21, can be lowered without increasing the percentage of the 
low-resistant metal relative to the high-resistant metal in 
the alloy making the resistor element 22, and without 
increasing the thickness T of the resistor element 22. 

As readily understood, the structure shown in Figs. 3-7 

20 may be applied to the third embodiment. 

The resistor element 22 is formed with a trimming groove 

26 by laser irradiation, as shown in Fig. 21, during which 
the ends of the resistor element 22 are respectively connected 
to a conducting probe for measuring resistance at the resistor 

25 element 2 . In this way, the resistance of the resistor element 
22 is adjusted to the required value. 

As shown in Figs. 22-23, an upper surface 22a, a lower 



surface 22b, and side surfaces 22c, 22d of the resistor element 

22 are covered by an insulator 4 which is made of heat-resistant 
synthetic resin or glass . The insulator 4 is not formed on 
the end portions 22b', 22b" on the lower surface 22b of the 

5 resistor element 22 to expose these portions. 

Then, a plurality of elements are put into a barrel -plating 
container to perform plating with the use of pure metal such 
as copper or silver. As a result, metal plating layers 23, 

23 ' to serve as connection terminal electrodes at the ends 
10 of the resistor element 22 are formed on the non-covered 

portions of the resistor element 22, that is, the end portions 
22b', 22b" of the lower surface 22b of the resistor element 
22, 

Through the above-described process, the chip resistor 

15 21 shown in Figs. 24-26 is obtained. 

As described above, the chip resistor 21 includes the 
resistor element 22 made of a metal plate which is formed into 
a rectangle and the insulator 24 which covers the upper surface 
22a, lower surface 22b, and side surfaces 22c, 22d of the 

20 resistor element 22 other than the end portions 22b', 22b" 
of the lower surface 22b. The chip resistor further includes 
the metal layers 23, 23' made of metal with resistance lower 
than that of the metal making the resistor element 22, such 
as copper or silver. The metal layers 23, 23' are formed on 

25 the exposed end portions 22b' , 22b" without the insulator 24 
on the lower surface 22b of the resistor element 22, while 
serving as connection terminal electrodes at the ends of the 

23 



resistor element 22. 

With such an arrangement, the metal layers 23, 23 ' serve 
as connection terminal electrodes at the ends of the resistor 
element 22. Thus, the thickness of the terminal electrodes 
5 can be reduced by thin metal layers 23, 23' at the ends of 
the resistor element 22, whereby the height H of the chip 
resistor 21 is advantageously low. 

Further, when the chip resistor is soldered to e.g. a 
printed circuit board, the insulator 24 covering the lower 
10 surface 22b prevents melted solder from swelling up to the 
lower surface 22b of the resistor element 22. 

In this connection, it should be noted that the insulator 
24 also covers the upper surface 22a and the side surfaces 
22c, 22d of the resistor element 22. Due to this structure, 
15 when the chip resistor is soldered to e.g. a printed circuit 
board, the insulator reliably prevents melted solder from 
swelling up to the upper surface 22a and/or the side surfaces 
22c, 22d of the resistor element 22. 

The metal layers 23, 23' may have a thickness tl which 
20 is equal to or larger than the thickness tO of the insulator 
24 at the portion covering the lower surface of the resistor 
element 22. Due to this structure, in soldering the chip 
resistor to e.g. a printed circuit board, the metal layers 
23, 23' are nearly or completely prevented from lifting up 
25 from the printed circuit board. 

For producing the chip resistor 2 1 with the above structure, 
use may be made of a lead frame described below. 



As shown in Fig. 27, a lead frame C is punched out of 
a metal plate with a predetermined thickness. A plurality 
of lead bars CI for forming resistor elements 22 are arranged 
integrally therewith at lengthwise intervals. The surface 
5 of each resistor element 22 is formed with a pure metal plating 
layer 25. 

Then, as shown in Fig. 28, one end of the bar CI is cut 
off from the lead frame C. The ends of the bar CI for forming 
the resistor element 22 are respectively connected to a 
10 conducting probe for measuring resistance value at the resistor 
element 22. In this state, a trimming groove 26 is formed 
in the resistor element 22 by laser irradiation, so that the 
resistance of the resistor element 22 is adjusted to the 
required value. 

15 Then, as shown in Fig. 29, the portion of the bar CI for 

forming the resistor element 22 is partly covered by an 
insulator 24, as in the embodiments described above. 

Then, the resistor element 22 formed out of the bar CI 
is cut off from the lead frame C . Thereafter, a plating process 

20 such as barrel -plating is performed for forming metal layers 
23, 23' serving as the terminal electrodes for the resistor 
element 22. Thus, the desired chip resistor 21 is obtained. 
Alternatively, the metal plating layers 23, 23' may be formed 
on the exposed portions of the resistor element 22 in each 

25 bar CI, and then the resistor element is cut off the frame 
A to provide the chip resistor 21. 

As seen from the above, the use of the lead frame C for 



making the chip resistor 21 contributes to reduction in 
production cost. 



26 



